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AERODYNAMIC DATA ON LARGE SEMISPAN TILTING WING WITH 


0.5 -DIAMETER CHORD, SINGLE-SLOTTED FLAP, AND 

SINGLE PROPELLER 0.19 CHORD BELOW WING 

By Marvin P. Fink 
Langley Research Center 


SUMMARY 


An investigation has teen made in the Langley full-scale (30- ty 60-foot) 
tunnel to determine the longitudinal aerodynamic characteristics of a large- 
scale semispan V/STOL tilt-wing configuration with a single propeller which was 
tested for both modes of rotation. The model had a half -fuselage on which loads 
were measured separately. The wing had a chord-to-propeller-diameter ratio of 
0.5, a 40-percent-chord single -slotted flap, an aspect ratio of 4.88 (2.44 for 
the semispan), a taper ratio of 1.0, and an NACA 4415 airfoil section. 

The data have not been analyzed in detail, but have been examined to 
observe the predominant trends. It was found that the direction of propeller 
rotation had a very significant effect on the lift and descent capability (as 
determined from drag-lift ratios attainable without stalling of any part of the 
wing within the propeller slipstream) and that up-at-the-tip rotation gave the 
more favorable results. The use of a trailing-edge flap was also very effective 
in increasing the descent capability. The use of leading-edge flow-control 
devices was very effective in increasing the descent capability and lift for the 
case of down -at -the -tip propeller rotation where the characteristics without 
such devices were poor, but was much less effective for the case of up-at-the- 
tip propeller rotation where reasonably favorable results were achieved without 
leading-edge devices. For the most favorable combination of the configuration 
variables, descent angles of nearly 29 ° were achieved over the entire test range 
of power conditions. 


INTRODUCTION 


Most of the aerodynamic research that has been done on the tilt -wing 
propeller -driven V/STOL configuration in the past has been of an exploratory 
character and has been done with small-scale models. The interest in this type 
of airplane has now become so substantial, however, that there is need for large- 
scale systematic aerodynamic design data for this concept. A program has there- 
fore been inaugurated at the Langley Research Center to provide such information 
by means of tests of a large-scale semispan tilt-wing-and-propeller model. The 


results for the wing alone have been published in references 1 to k. The results 
for the wing with a fuselage are presented in references 5 and 6 for the cases 
of a double-slotted and a single -slotted flap, respectively. 

The results of the present tests are for the configuration of reference 6 
(single-slotted, flap), but with the propeller thrust axis located 19 percent of 
the wing chord below the chord plane. The model had a single propeller on the 
semispan wing, a chord-diameter ratio of 0.5; a single-slotted flap, a leading- 
edge slat, and fences. The investigation covered a range of angle of attack 
from 5° to 85 ° and a range of thrust coefficients (based, on slipstream) from 
0.50 to 0.90. Included in the investigation were tests with both directions of 
propeller rotation. The lift, drag, and pitching moments of the model were 
measured over the range of test conditions. The flow was observed by means of 
tufts on the upper surface of the wing. The results of this investigation are 
presented without detailed analysis in order to expedite their dissemination to 
industry and the military services. 


SYMBOLS 


The positive sense of forces, moments, and angles is shown in figure 1. The 
pitching-moment coefficients are presented with reference to the wing quarter- 
chord line. The coefficients are based on the dynamic pressure in the propeller 
slipstream. Conventional lift, drag, and pitching-moment coefficients based on 
the free -stream dynamic pressure can be obtained by dividing the slipstream coef- 
ficients by 1 - Crp^ s ; for example, Cl = Cl,s/(T ~ ^T,s)* The thrust coeffi- 
cient Ciji may be found from the equation C«p = jCrp >s (A/S)]/(l - C T#S ). 

Measurements for this investigation were made in the U.S. Customary System 
of Units. Equivalent values are indicated herein in the International System 
(SI) in the interest of promoting the use of this system in future NASA reports. 
Factors relating the two systems of units used, in this paper may be found in the 
appendix . 


The coefficients and symbols used in this paper are defined as follows: 

A total propeller disk area, ft^ (meters^) 

b propeller blade chord., ft (meters); also wing span, ft (meters) 

^D,s drag coefficient based on slipstream, D/q s S 

Cl lift coefficient based on free airstream, L/qS 

Cl^ s lift coefficient based on slipstream, L/q s S 

^L,s(fus) fuselage lift coefficient based on slipstream 


^m,s 


pitching-moment coefficient based on slipstream, My/qsSc 
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thrust coefficient based on slipstream, - 

q. s («D 2 / 4 > 

thrust coefficient based on free airstream, T/qS 
wing chord, ft (meters) 
flap chord, ft (meters) 

propeller diameter, ft (meters); also, total model drag, lbf 
(newtons) 

thickness of propeller blade, ft (meters) 
total model lift, lbf (newtons) 
pitching moment, lbf -ft (newton -meters) 


free-stream dynamic pressure. 


pV^ lbf / newtons 


2 ft^ Imeter^ 


slipstream dynamic pressure, q + 


tD 2 /4 


radius of propeller blade, 2.83 ft (0.86 meter) 
radius to element on propeller blade, ft (meters) 
area of semi span wing, 19.6 ft^ (1.82 meters^) 
propeller thrust, lbf (newtons) 
free-stream velocity, ft/sec (meters/sec) 
longitudinal distance, ft (meters) 
lower-surface ordinate, ft (meters) 
upper-surface ordinate, ft (meters) 
vertical distance, ft (meters) 
angle of attack, deg 

flight-path angle (positive for climb) , deg 
flap deflection, deg 


mass density of air, slugs / kilograms 

ft 3 \ meter 3 
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MODEL 


The model used in this investigation was a semispan model which would 
represent the left panel of the full-span wing and the left half of the fuse- 
lage. The principal dimensions of the wing are given in figure 2. A three -view 
drawing of the fuselage-wing combination is given in figure 3(a) and a cross- 
sectional view of the fuselage is shown in figure 3 (b)* The propeller -blade 
characteristics are given in figure 4, and a photograph showing the model mounted 
in the Langley full-scale tunnel is presented in figure 5* 

The wing was mounted on the balance system in the tunnel so that the lift 
and drag of the wing were read directly about the wind axis. The wing pivoted 
about its quarter-chord point and its pitching moments were measured about this 
point, and are referred to this point in the data presentation as indicated by 
figure 1. 

When the half-fuselage was added to the existing wing model it was neces- 
sary to cause the fuselage to move relative to the wing quarter-chord point in 
order to avoid structural conflict between the wing and the fuselage. The 
fuselage was consequently mounted on a parallel arm arrangement so that it 
moved as the wing angle of attack was varied. It moved as though it were 
pivoted at the 58-percent wing-chord station on the wing lower surface. The 
illustration in figure 3(a) shows the relationship of the wing to the fuselage 
at a given angle of the wing. The fuselage was not actually attached to the 
wing, however, and its forces did not register on the tunnel balance. Instead 
the load on the fuselage (lift only) was measured on separate strain-gage 
balances. At all times the fuselage remained at zero angle of attack relative 
to the airstream. 

The basic structure of the wing consists of a heavy box -beam spar to which 
a power train to drive the propellers through spanwise shafting is attached, 
and around which various airfoil contours can be fitted. The propeller location 
was such that the propeller tip extended out to the wing tip. In the present 
investigation both directions of propeller rotation were tested. The propeller 
thrust was measured by a strain-gage balance which was a part of the propeller 
shaft. The output was fed through sliprings to an indicating instrument. The 
required values of thrust for each value of Cij^ s were set by changing the 

speed of the drive motor. The blade angle at the 0.75 R station of the propeller 
was held constant at 17° throughout the investigation. The propeller was located 
0.19c below the wing chord plane and 0.65c ahead of the wing quarter-chord line 
as shown in figure 2 (a). The thrust line was parallel to the wing chord plane. 

The airfoil used for the wing was the NACA 4415 section with a 2.83 ft 
(0.86 m) chord. This chord length gave a ratio of wing chord to propeller 
diameter of 0.5. The reference area of the wing based on a semi span of 6.92 ft 
(2.11 m) was 19.6 ft^ (1.82 m^) and did not include the area of the tip 
fairing. 
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The model had a 0. kOc single -slotted trailing-edge flap. The ordinates 
" and the positions for the various deflections are given in figure 2(c). The 
» flap is illustrated in figure 2(c) for the 40° deflection. 

The leading-edge slat shown in figure 2(b) was investigated in combination 
with the flap on this model. A slat deflection of 30° was used on all of the 
wing except that part of the wing which extended across the top of the fuselage, 
where the high position was used so that low angles of attack (a = 5°) could be 
obtained without the slat touching the fuselage. Otherwise the minimum angle 
of attack would have been about 15° • 

Fences having a height of 0.20c and extending from 0.13c on the lower sur- 
face around the leading edge to about 0.75c on the upper surface were installed 
at two spanwise locations on the wing (see fig. 2(d)) in an attempt to confine 
the stall inboard of the propeller slipstream. When tests were made with fences 
on, both fences were installed. 


TESTS 


The tests were made for a range of single -slotted- flap deflections and 
with and without a leading-edge slat and fences. The specific configurations 
tested, together with a list of tables and figures in which data for each may 
be found, are given in the following table: 
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Direction 
of rotation 


Up -at -tip 


Down -at -tip 


Configuration 


Full -span slat 
with fences on 


Outboard slat with | 
fences on 


Basic leading edge 


Basic leading edge 
with fences on 


Inboard slat 


Inboard slat with 
fences on 


Flap 

'lection, 
>f, 4eg 

Table 

Figure 

Aerodynamic 

data 

Fuselage lift 
coefficients 

20 

l4 

19 

4l 

40 

15 

20 

4l 

60 

16 

21 

4l 

20 

17 

22 

42 

40 

18 

23 

42 

60 

19 

24 

42 

0 

20 

25 

^3 

20 

21 

26 

43 

40 

22 

27 

43 

60 

23 

28 

^3 

40 

24 

29 

44 

60 

25 

30 

44 

20 

26 

31 

45 

4o 

27 

32 

45 

60 

28 

33 

45 

20 

29 

34 

46 

40 

30 

35 

46 

60 

31 

36 

46 


The tests were made over a range of thrust coefficients from 0.30 to 0.90. 
For any given test the thrust coefficient was held constant over the angle -of - 
attack range by adjusting the propeller speed to give the required thrust at 
each angle of attack. The angle -of -attack range was from 5° to that required 
to stall the wing or to develop a drag-lift ratio of about 0 . 3 ^ whichever was 
lower. The test Reynolds number , based on the wing chord length and the veloc- 
ity of the propeller slipstream, was about 2.38 X 10°. 


No tunnel-wall corrections have been applied to the data since surveys and 
analysis had indicated that there would be no significant correction, as 
explained in reference 1 . 


DISCUSSION 


The data presented have not been analyzed in detail, but have been examined 
for general trends. One very general observation was that the force-test data 
could not be used as an indication of the occurrence or extent of wing stalling. 
The tuft-test results show that the onset of stalling over significant areas of 
the part of the wing within the propeller slipstream frequently occurs 
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considerably below or above the angle of attack for maximum lift coefficient. 
The data were examined, in particular, to determine the effect of the various 
test variables on descent capability - the descent capability being determined 
from the D/L values attainable prior to indication by the tufts of stalling 
of any part of the wing within the propeller slipstream. 


Effect of Direction of Propeller Rotation 

The force- and tuft-test data show that the up-at-the-tip direction of 
rotation consistently gave higher maximum lift and higher descent capability. 

In general, the tuft pictures show that rough flow and stalling (as indicated 
by areas on the wing where the tufts are swirling violently or have become very 
limp and are pointed in random directions) occurred at an angle of attack as 
much as 25 ° to 30 ° lower with down -at -the -tip rotation than with up-at-the-tip 
rotation for the higher thrust coefficient (C T s = O. 90 ). Down -at -the -tip 
propeller rotation consistently causes stalling (of the part of the wing in the 
slipstream) to start inboard of the nacelle, that is, behind the up-going blades. 
When stall occurred on the wing for the up-at-the-tip mode of rotation it 
occurred only outboard of the nacelle. 


Effect of Leading-Edge Slat 

Comparison of figures 7 to 9 with 13 to 15 for up-at-the-tip rotation and 
figures 26 to 28 with 31 to 33 for down -at -the -tip rotation gives the effect 
of the inboard section of the leading-edge slat. The force and tuft tests show 
that for both directions of propeller rotation the slat was beneficial in 
extending maximum lift to higher angles of attack (particularly for the lower 
thrust coefficients, Cip s = 0.30 and 0 . 60 ), although only for down-at-the-tip 
rotation did the slat give any appreciable increase in descent capability. 

The effect of the full-span slat (figs. 19 to 21) was determined only for 
up-at-the-tip rotation. By comparison with the inboard-slat results (figs. l6 
to l8), the tuft tests show that the outboard section of the slat reduced the 
tip stalling and produced an appreciable increase in both s and descent 

capability, which for the 60 ° flap deflection was nearly 23 ° for the range of 
thrust coefficients tested. 


Effect of Fences 

The effect of fences can be ascertained for both directions of propeller 
rotation for the model with the basic leading edge and with the leading-edge 
slat installed. Compare figures 7 to l8 for up-at-the-tip rotation and fig- 
ures 26 to 36 for down-at-the-tip rotation. These results, as in previous 
investigations with the propeller thrust line above the wing chord, show that 
the fences were most effective for the case of down-at-the-tip mode of propeller 
rotation. In this case the wing has a tendency to stall inboard of the nacelle 
because of the rotation of the propeller slipstream, and the fences are effec- 
tive in preventing the center-section stall from spreading and prematurely 
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triggering the stalling of the section of the wing in the propeller slipstream 
inhoard of the nacelle. Specifically, the results of the present tests show 
that the fences with up-at-the-tip rotation caused some slight increase in lift t 
and descent capability, the most improvement being shown for the 20° flap deflec- 
tion; but for the case of down-at-the-tip propeller rotation, the fences gave 
significantly more descent capability over the range of flap deflection, par- 
ticularly for the higher thrust coefficients. 


Effect of Flap Deflection 

There was a progressive increase in maximum lift coefficient and descent 
capability as flap deflection was increased. The greatest increment occurred 
with the deflection from 0° to 20° for either mode of propeller rotation, but 
it must be pointed out that for down-at-the-tip rotation the model with 8p = 0 
had a negative descent capability (/ = -22°). (See fig. 25.) With 20° of flap 
deflection (fig. 26 ), there was a change of approximately 21° in the positive 
direction, but still not enough to produce any noticeable descent capability. 
With up-at-the-tip rotation, increasing flap deflection from 0° to 20° increased 
the descent angle from about 9° "to about 20°. With this direction of rotation, 
full-span slat, and fences, a descent capability of nearly 29 ° was obtained with 
60 ° of flap deflection. 


Fuselage Lift 

The fuselage lifts plotted in figures 37 to 46 are presented in the same 
units as the wing lift coefficients. In general, the maximum fuselage lift 
occurred at about the angle of attack for maximum lift. This trend was true 
for the various flap deflections, and for both directions of propeller rotation. 
The inboard slat and fences had no appreciable effect on the fuselage loading. 


CONCLUSIONS 


An experimental investigation has been made to determine the longitudinal 
aerodynamic characteristics of a large-scale semispan V/ST0L tilt-wing configu- 
ration with a single propeller which was tested for both modes of rotation. 

The model had a half -fuselage on which loads were measured separately. The 
following conclusions were drawn from the results of the investigation: 

1. The direction of propeller rotation had a significant effect on the 
lift and descent capability attainable for most of the configurations tested, 
with the up-at-the-tip mode of propeller rotation giving the more favorable 
results. 


2. Leading-edge stall-control devices were very effective in improving the 
descent capability for the down-at-the-tip mode of propeller rotation. With 
leading-edge slats and fences, almost as favorable results could be achieved 
with this mode of propeller rotation as with up-at-the-tip rotation. 
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3. The use of flaps was very effective in increasing the lift and the 
• descent capability for either mode of rotation. With 40° or 60° flap deflection 
v and with the most favorable combination of flow-control devices tested, descent 
angles of nearly 29 ° were achieved for the entire test range of power conditions. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va. , August 30, 19 66 , 
721-01-00-11-23. 
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APPENDIX 


CONVERSION FACTORS - U.S. CUSTOMARY UNITS TO SI UNITS 


The International System of Units (SI) was adopted by the Eleventh General 
Conference on Weights and Measures, Paris, October i960. (See ref. 7 *) The 
following conversion factors are included in this report for convenience: 


Physical quantity 

U.S. Customary 
Unit 

Conversion 

factor 

(*) 

SI Unit 

Area 

ft 2 

0.0929 

P / 2\ 

meters (,m ) 

Density .... 

slugs/ ft-'’ 

515.38 

kilograms/meter^ (kg/m^) 

Force 

lbf 

4.446 

newtons (N) 


1 in. 

0.0254 

meters (m) 

Length 

V ft 

0.3048 

meters (m) 

Moment 

lbf -ft 

1.356 

newton -me ters (N-m) 

Pressure .... 

lbf/ ft 2 

47.88 

newtons/meter 2 (N/m 2 ) 

Velocity .... 

ft/ sec 

0.3048 

meters/ second. (m/sec) 


^Multiply value given in U.S. Customary Unit by conversion factor to 
obtain equivalent value in SI Unit . 


10 



REFERENCES 


1 . Fink, Marvin P.; Mitchell, Robert G. ; and White, Lucy C.: Aerodynamic Data 

on a Large Semispan Tilting Wing With 0 . 6 -Diameter Chord, Fowler Flap, and 
Single Propeller Rotating Up at Tip. NASA TN D-2180, 1964. 

2. Fink, Marvin P.; Mitchell, Robert G.j and White, Lucy C.: Aerodynamic Data 

on Large Semispan Tilting Wing With 0 . 6 -Diameter Chord, Single -Slotted 
Flap, and Single Propeller Rotating Down at Tip. NASA TN D-2412 , 1964. 

5. Fink, Marvin P.; Mitchell, Robert G.j and White, Lucy C.: Aerodynamic Data 

on Large Semispan Tilting Wing With 0 . 6 -Diameter Chord, Single-Slotted 
Flap, and Single Propeller Rotating Up at Tip. NASA TN D-I 586 , 1964. 

4. Fink, Marvin P.j Mitchell, Robert G.j and White, Lucy C.: Aerodynamic Data 

on a Large Semispan Tilting Wing With 0.5-Diameter Chord, Double-Slotted 
Flap, and Both Left- and Right-Hand Rotation of a Single Propeller. 

NASA TN D- 3375 , 1966 . 

5. Fink, Marvin P.: Aerodynamic Data on a Large Semispan Tilting Wing With a 

0.5-Diameter Chord, a Double -Slotted Flap, and Left- and Right-Hand 
Rotation of a Single Propeller, in Presence of Fuselage. NASA TN D-3674, 
1966. 

6 . Fink, Marvin P.; and Mitchell, Robert G. : Aerodynamic Data on a Large Semi- 

span Tilting Wing With a 0 . 5 -Diameter Chord, a Single -Slotted Flap, and 
Both Left- and Right-Hand Rotation of a Single Propeller. NASA TN D-3754, 

1967 . 

7 . Mechtly, E. A.: The International System of Units - Physical Constants and 

Conversion Factors. NASA SP-7012, 1964. 


11 






































































TABLE 11.- AERODYNAMIC DATA FOR UP -AT -TIP ROTATION, INBOARD SLAT WITH FENCES ON 

AND S f = 20° 


(a) Wing data 



(b) Fuselage data 


c L,s(fus) 






















































TABLE 19.- AERODYNAMIC DATA FOR UP -AT -TIP ROTATION, OUTBOARD SLAT WITH FENCES ON 


AND b f = 60° 


(a) Wing data 



(b) Fuselage data 

















































































































Side of fuselage 

L . 

Area = 19.6 sq ft 
(1.821 sq m) 


Reflection plane — ^ 



(a) Principal dimensions in inches; numbers in parentheses are centimeters 
Figure 2.- Principal dimensions and cross-sectional views of the model. 














Strain gage frame ( attaches to bearing casing) 




Blade -chord -to 



■thickness -to-chord ratio 
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(b) Flow characteristics; C- 


Continued. 

































(e) Flow characteristics; Cy s = 0.30. 
Figure 6.- Concluded. 
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(b) Flow characteristics; Cj s 


Continued. 
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(c) Flow characteristics; C- 



T| 

11 

ill' 

7 /• A 

j ^. 3 - • y ». - 

i J 

IS 

SI 

a = 60 ° 


S 

V- - 





Figure 7.- Continued. 











6 


















(e) Flow characteristics; C- 


Concluded. 
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Concluded. 














(c) Flow characteristics; C 
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(d) Flow characteristics; C- 


Continued. 












(e) Flow characteristics; C- 


Concluded. 
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(a) Aerodynamic characteristics. 
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(d) Flow characteristics; Cj >s = 0.60. 
Figure 11.- Continued. 
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(a) Aerodynamic characteristics. 




(b) Flow characteristics; Cj s 


Continued. 
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(d) Flow characteristics; Cj 


Continued. 
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(e) Flow characteristics; C- 


Concluded. 
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Aerodynamic characteristics. 








(b) Flow characteristics; Cj s = 0.90. 


Continued. 
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(c) Flow characteristics; Cj s 


Continued. 
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(d) Flow characteristics; Cj >s = 0.60. 


Continued. 
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(a) Aerodynamic characteristics. 




(b) Flow characteristics; Cy >s = °- 90 - 


Continued. 
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(d) Flow characteristics; C- 


Continued. 
















(b) Flow characteristics; C- 


Continued. 
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(a) Aerodynamic characteristics. 
































(d) Flow characteristics; Cj s = 0.60. 
Figure 17.- Continued. 
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(c) Flow characteristics; C T s = 0.80. 
Figure 19.- Continued. 
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(e) Flow characteristics; C- 


Concluded. 
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(a) Aerodynamic characteristics. 

Figure 20.- Aerodynamic and flow characteristics of the wing with the propeller rotating up at the tip. full-span slat on, fences on, and 6, =40». 




(b) Flow characteristics; Cj s = 0.90. 


Continued. 
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(a) Aerodynamic characteristics. 
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(a) Aerodynamic characteristics. 

Figure 22.- Aerodynamic and flow characteristics of the wing with the propeller rotating up at the tip. outboard slat on, fences on, and 6f = 20°. 





(b) Flow characteristics; Cy s = 0.90. 


Continued. 
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(e) Flow characteristics; C- 


Concluded. 
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(a) Aerodynamic characteristics. 
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(a) Aerodynamic characteristics. 

Figure 24.- Aerodynamic and flow characteristics of the wing with the propeller rotating up at the tip, outboard slat on, fences on, and 6, 























(e) Flow characteristics; Cj s = 0.30. 
Figure 24.- Concluded. 
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(c) Flow char, 























(e) Flow characteristics; C- 


Figure 25.- Concluded. 






























(c) Flow characteristics; Cj s = 0.80. 


Continued. 
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(d) Flow characteristics; C- 


Continued. 
















(e) Flow characteristics; C- 


Concluded. 
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(a) Aerodynamic characteristics. 







(b) Flow characteristics; Cj s 


Figure 27.- Continued. 
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(c) Flow characteristics; Cj s = 0.80. 
Figure 28.- Continued. 
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(e) Flow characteristics; C-j- s = 0.30. 
Figure 28.- Concluded. 
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cteristics; Cf >s = 0.60. 


Continued. 
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(a) Aerodynamic characteristics. 
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Figure 3 
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(e) Flow characteristics; Cj s 
Figure 31.- Concluded. 




































































a = 15° a = 30° a = 45° 

(d) Flow characteristics; Cj s = 0.60. 

Figure 33.- Continued. 
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(b) Flow characteristics; C 


Continued. 
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Aerodynamic characteristics 

























istics; C T s = 0.60. 
Continued. 
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Aerodynamic characteristics, 
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Figure 37.- Fuselage lift coefficient for up-at-the-tip rotation and basic leading edge. 
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Figure 38.- Fuselage lift coefficient for up-at-the-tip rotation, basic leading edge, and fences on. 
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Figure 39.- Fuselage lift coefficient for up-at-the-tip rotation and inboard slat on. 
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Figure 40- Fuselage lift coefficient for up-at-the-tip rotation, inboard slat on, and fences on. 
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Figure 41.- Fuselage lift coefficient for up-at-the-tip rotation, full-span slat on, and fences on. 
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Figure 42.- Fuselage lift coefficient for up-at-the-tip rotation, outboard slat on, and fences on. 
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Figure 43.- Fuselage lift coefficient for down-at-the-tip rotation and basic leading edge 
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Figure 45.- Fuselage lift coefficient for down-at-the-tip rotation and inboard slat on. 
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Figure 46.- Fuselage lift coefficient for down-at-the-tip rotation, inboard slat on, and fences on. 
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"The aeronautical and space activities of the United States shall be 
conducted so as to contribute ... to the expansion of human knowU 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof” 

— National Aeronautics and Space Act of 1958 
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